The microwave-Zeeman spectra of CH 3 0 35 C1 and CD 3 0 35 C1 have been investigated with magnetic fields up to 25 kG. In addition to the Zeeman parameters, the electric dipole moment and the chlorine nuclear quadrupole tensor have been determined.
Introduction
The investigation of the rotational Zeeman Spectrum of asymmetric molecules containing chlorine 1 ' 2 is continued with this work on Methylhypochlorite and d3-Methylhypochlorite. These molecules and other isotopic species were investigated initially some years ago by Rigden and Butcher 3 who determined the molecular structure and the barrier to internal rotation from the first torsional excited state.
As the electric dipole moment was not reported, we measured the Stark effect in both molecules and calculated the value and orientation of the total electric dipole moment.
Further the quadrupole coupling tensor was evaluated. The spectrum in the millimeterwave range is under investigation. The centrifugal distortion analysis will be the subject of a following paper.
Experimental
The methylhypochlorites, CH3OCl and CD3OCl, were prepared by distillation under vacuum from alkaline methyl alcohol solution saturated with chlorine gas 4 . The temperature was maintained at 0 c C during all the procedure.
As the substance decomposed in the wave guide cell at a temperature of -75 °C, it was flowed continuously through the cell during the measurements at a pressure of about 3 mTorr.
The spectrometer used was the same one reported before 11 5 .
Spectrum at Zero Magnetic Field

1) Internal Rotation of the Methyl Group
Both a-and b-type transitions 3 were measured in the frequency range from 10 to 50 GHz. The b-type transitions in the ground state of CH30 35 C1 have been found to be slightly split into doublets due to * The center frequencies between the A and E lines are used for 6-type transitions. ** övi 1 ) and <5i'( 2 ) are, respectively, the first and second order effects of nuclear quadrupole coupling. *** The nuclear quadrupole coupling constants have been determined from these transitions frequencies.
the internal rotation of the methyl group. The measured splittings are given in Table 1 . Using the parameters given in the same table, the barrier height V 3 to the internal rotation of the methyl group has been determined to be 3090 ± 50 cal/mole. The result agrees with that obtained by Rigden and Butcher 3 using the splittings of the first excited torsional state.
Due to the weakness of the b-lines, the torsional fine structure below 200 kHz could not be resolved in Stark and Zeeman measurements, as the pressure in the cell has to be raised. So we were forced to use the center frequency of the doublets for the analysis given later.
This introduced only a minor error as the barrier to internal rotation is high.
The internal rotation splittings in CD30 35 C1 have not been observed due to the higher value of the reduced barrier height s.
2) Nuclear Quadrupole Coupling Constants
As indicated by the waved lines in the level scheme of Fig. 1 some levels show near degeneracies. An anomalous contribution respect to a first order treatment was observed in the hfs-splittings of those transitions connected to one of the two levels 2U or 303. The analysis of the 000^-l01, O00^-ln. 101->110 and In ->212 transitions of CH30 35 C1, listed in Table 2 a, resulted in Xaa and Xbb values given in Table 4 .
These '-values reproduce the observed hfs-splittings <3J' obs by first order perturbation theory <5? , l! within experimental accuracy, but failed to reproduce hfs-splittings $vobs of the lio -*-2n transition. The (^^obs -) values were used to calculate the out off diagonal element Xai> by second order perturbation theory according to Bragg 6 . The Xai value given in Table 4 accounts for all (<5)'ol(S -dr 1 -1 ') of Table 2 b.
For CD30 35 C1 the Xai and Xbb values were determined from the same set of transitions. In this case both levels of the lio -2U transition are influenced by near degeneracies, as indicated in Figure 1 . The used frequencies may be found in Table 2 c. The £ ci -values are listed in Table 4 . The rigid rotor rotational constants of Table 4 for both isotopic species have been calculated from the hfs-unperturbed transition frequencies given in Table 3 . The rotational constants agree with those reported by Rigden and Butcher 3 .
perturbation contribution due to the Xal term. The determination of the off-diagonal element of the nuclear quadrupole coupling tensor allows the transformation of the coupling tensor to its principal axis system. The result (set I) is listed in Table 5 in comparison with a set II obtained from the isotopic substitution effect. The agreement between the two sets is quite good.
Further the transformation angle, G za = 25.6 ± 0.3°, between the principal inertial axis system and the principal axis system of the coupling tensor practically coincides with the value of 24.8 + 1.4° (see 3 ) of the angle between the CI -0 bond and the a-principal axis. Since the yjz value in this paper is almost The nuclear quadrupole coupling constants have been determined from these transition frequencies.
equal to that of H0 33 C1 7 , we may conclude that the bond character is almost the same in both molecules.
Zeeman Spectrum
1) Zeeman Parameters
The Zeeman splitting of the 000 -> ln , 000 -> 101, loi-" 110, lio -> 211 and -: * 2 12 transitions were measured at magnetic fields up to 25 kG with perpendicular and parallel field. The method described in Ref. 1 was modified to account for the nuclear shielding effect, when determining the Zeeman parameters.
The effective Hamiltonian for the shielded nuclear Zeeman effect has been given by Hüttner and Flygare 8 as follows:
where //0 is the nuclear magneton, gi the nuclear //-factor of the Cl-atom, the applied field, o gg are diagonal elements of the nuclear shielding tensor with respect to the principal inertial axis system and a is the nuclear shielding factor defined by 
y where {/T 2 ) is the expectation value of the squared angular momentum for the state JT. The matrix elements used in this analysis are given in Appendix I.
Following the procedure of Ref. 1 , the functions 9aa, 9bb, 9cc,oa, Oß) and S-t{a,ß) listed in Table 6 The values of D~ and Dv + 1 calculated from the ob served Zeeman satellites are given in Table 7 a and 7 b. Ai(gi, gaa, gbb, 9cc, oa, Oß) and Si(a,ß) . Table 8 have been obtained by using the relations given as footnote in the same Table. The sign of the molecular ^-factors is based on a positive value of the ^/-factor of chlorine atom 9 .
The values for both molecular species are listed in Table 9 . For comparison the molecular ^-factors have been calculated including the nuclear shielding anisotropics.
However, as shown in Table 9 , these molecular «/-factors do not differ significantly from those obtained without inclusion of the nuclear shielding
anisotropics. These anisotropies are rather undetermined, as their standard errors equal their values. For these reasons we omit them from the discussion.
The values of the magnetic susceptibility anisotropies a and ß were determined with the help of Fig. 2 , where a plot of a over ß for each S,(a,/?) function is reported. The possible values of a and ß are taken from the common region limited by the lines which define the error limit of the plotted curves. The determined values are listed in Table 9 .
2) Description of the Zeeman Pattern
As neither (F,Mp) nor (MJ,MJ) are good quantum numbers at intermediate fields, the energy levels Ol m -> l(i 1" * Calculated using the Zeeman parameters given in Table 9 . 2 Oaa-Obb-Occ** 2 Obb -"cc -Oaa ** The Zeeman splittings of both cases in the 000-> lu transitions are schematically shown in Fig. 3 and in Figure 4 . The observed frequency splittings in the CH30 35 C1 spectrum with respect to the unperturbed lines are listed in Table 10 For the Zeeman satellites of the li0-transition it was necessary to make the second order perturbation correction. Since the energy splittings due to the Zeeman effect is much smaller compared to the energy difference between the 2n and 303 levels and since the wave functions of each of the Zeeman levels at the magnetic field of 24 kG could be approximately described by the wave function J R IM, MJ ) within an error of 10%, the second order perturbation contribution to the 2n levels was calculated using the quadrupole Hamiltonian TIQ in the uncoupled basis as follows: 
The matrix element of 77Q for ]' = J + 1 are obtained using the theory given by Racah 10 and are described as follows 
Using the Zeeman parameters of Table 9 and the nuclear quadrupole coupling constants of Table 4 , the Zeeman pattern including hfs was calculated with respect to the unperturbed line and was compared to the observed one, as given in Table 10 and 11a, b. The agreement is quite good for all the listed transitions. We take this as a final check of our Zeeman parameters and hfs constants.
In the Zeeman pattern of the l11-^-212 and l^-v 2n transitions measured at parallel fields, we could observe forbidden transitions which appear only at intermediate field conditions. The wave function of the Zeeman sublevel, that we call {FMf;MJM,), of the rotational level / r is described in the basis of the functions / r 7 MJ M, ) as 
where F and M F are quantum numbers given for the weak field case and MJ and M, are those for the strong field case. The expansion coefficients 
3) Molecular Electric Quadrupole Moment and Second Moment Anisotropics
Combining the molecular ^-factors, the magnetic susceptibility anisotropics and the rotational constants, the diagonal elements of the molecular electric quadrupole tensor can be calculated using the equation:
he 
Xcc) ~' (2 Xaa -Xbb ~ Xcc) }
where Z n is the atomic number of the /i-th nucleus, and a n and b n are its coordinates in the principal axes, (c 2 ) -(fe 2 ) and (a 2 ) -(c 2 ) are obtained by cyclic permutation. The resulting values are listed in Table 12 . As expected, the values of the molecular quadrupole moment and the anisotropy of the second moment in CH30 35 C1 agree with those in CD30 35 C1.
The negative values of Qcc in CH30C1 and H0 35 C1 1 can be understood considering that lone pair electron clouds are out of the plane of symmetry. tP\ r 
4) Electric Dipole Moment
The Stark effect of both isotopic species has been measured. To simplify the analysis the Stark displacements of components with maximum Mp of the Q-branch lines have been measured. For the 010--ln transition in CD30 35 C1 the displacements have been analysed using the strong field approximation. The absorption cell was calibrated with the J =1 ->~ J' = 2 transition of OCS, taking the dipole moment of OCS as 0.7152 D n .
The measured displacement Av and the dipole moments obtained are listed in Table 13 . The total dipole moment of CH30 35 C1 agrees with that of CD30 3i> Cl within the experimental error. As can be seen in Fig. 5 an isotopic substitution of the hydrogen atoms causes a counterlockwise rotation of the principal axes, a and b, by an angle of 1.7°.
As the total dipole moment is the same for both isotopic species different jua and /.ib components result in the corresponding principal axis systems. The jua component increases from 1.373 D to 1.409 D going from the normal to the isotopic species of the molecule. The /ub component on the contrary decreases from 1.146 D to 1.106 D. These values are only consistent with a dipole moment having the orientation indicated by the dotted line in Figure 5 .
Though the molecular (/-factors of the two isotopic species have been determined, the sign of the dipole moment could not be determined experimentally. The experimental error in the obtained ^-factors makes ii difficult to discuss the sign of the dipole moment from this point of view.
However an information about the sign of the dipole moment was obtained by a theoretical CNDO/2 calculation 13 which gives [Aa = 0.78 D and fxb = 1.44 D with direction and sign given by the broken line in Figure 5 . The result is reasonable from simple chemical considerations.
